# Contributed equally to this work [Abstract] The kinase/RNase IRE1 is a key effector of the cellular response to endoplasmic reticulum stress. The RNase activity of IRE1 can be measured in cells or in the test tube. Here we describe a protocol for the in vitro cleavage and analysis of RNA substrates of IRE1. The method consists of the in vitro transcription, purification and re-folding of IRE1 substrate RNAs followed by their cleavage using recombinant cytosolic kinase/RNase domains of IRE1 and the separation of the resulting fragments by denaturing polyacrylamide gel electrophoresis. This protocol allows the study of the cleavage kinetics of IRE1's RNA substrates in vitro.
www.bio-protocol.org/e3307 : e3307. DOI:10.21769/BioProtoc.3307 using XBP1 mRNA splicing and RIDD reporter constructs (Iwawaki et al., 2004; Iwawaki and Akai, 2006 ; Sidrauski et al., 2013; Mendez et al., 2015; Moore and Hollien, 2015; Peschek et al., 2015) , or by directly assessing the mRNA levels of endogenous spliced XBP1 mRNA or of validated RIDD targets by TaqMan and/or RT-PCR assays (Acosta- Alvear et al., 2007; Hollien et al., 2009; Sidrauski et al., 2013; Mendez et al., 2015; Peschek et al., 2015) . While useful, these techniques do not allow precise time-resolved measurements of RNA processing by IRE1. Precise kinetic measurements of IRE1's RNase activity require examining RNA cleavage in the test tube. We and others have measured the kinetics of XBP1 mRNA cleavage by IRE1 using short RNA substrates containing XBP1 mRNA stem-loops recognized by IRE1 (Korennykh et al., 2009; Lu et al., 2014; Mendez et al., 2015; Peschek et al., 2015; Acosta-Alvear et al., 2018) . In cells, however, IRE1 is presented with cognate RNA structures embedded in full-length mRNAs. Since RNA folding is influenced by the size of the molecule and local sequence composition (Cheng et al., 2015) , non-natural short RNA substrates containing putative IRE1 cleavage sites may contribute to false positive or false negative results in in vitro RNA cleavage assays. Radioactive in vitro cleavage assays for IRE1 RNA substrates of ~400-500 nucleotides in length have been performed (Lu et al., 2014; Tam et al., 2014) , and while undoubtedly useful, the use of radioactivity could be limiting for many laboratories. With these considerations in mind, we have developed a non-radioactive protocol for analyzing the cleavage of long RNA substrates of IRE1 in vitro (Figure 1 ). Our method can be performed in the presence and absence of purified ribosomes to account for IRE1 activity in IRE1-ribosome complexes (Acosta-Alvear et al., 2018), it can be deployed to study the RNase activity of IRE1 and its consequences in the context of maintaining cell viability (Lu et al., 2014) , and it can be useful for assessing the specificity of recently developed IRE1 inhibitors (Cross et al., 2012; Harnoss et al., 2018 Note: Avoid touching the gel with gloved fingers as it will leave marks. We have found that staining the gel without agitation yields better results. Cover the gels to prevent exposure to light while staining. Incubate for one hour at room temperature with constant agitation at 1,000 rpm in a thermomixer.
11. Remove tubes from thermomixer. Vortex the gel slurry and recover it completely using a cut P1000 tip. Transfer the slurry to a Spin-X centrifuge tube filter. Be careful when transferring as gel pieces can clog the pipette tip. Spin the Spin-X centrifuge tube filters at max speed in a benchtop microcentrifuge for 3 min. The filtrate containing your RNA will be at the bottom of the filter tube and the gel pieces will stay on the filter.
12.
Transfer the filtrate to a fresh non-stick nuclease free 1.5 ml microcentrifuge tube. Pool all filtrates for the same RNA (up to ~0.5 ml aliquots). Add 1/9 of the volume of 3 M NaOAc pH 5.5 and 1 volume of isopropanol and incubate for at least 30 min at -80 °C to precipitate the RNA. 13 . Spin at maximum speed in a benchtop microcentrifuge at 4 °C for 30 min top pellet the RNA.
Remove the supernatant being careful not to disturb the pellet. Wash the RNA pellet twice with 
Data analysis
The digital images of the gels can be densitometrically quantified and analyzed using ImageJ Software.
1. Adjust the image brightness and contrast and remove background prior to the analysis.
2. Draw boxes of equal size around the bands corresponding to the uncleaved RNA and calculate the area under the curve (pixel density).
3. Normalize your numbers to the uncleaved control and calculate the fraction of remaining uncleaved RNA. To determine observed rate constants, plot these values as a function of time and calculate the best curve fit using your choice of scientific graphing and analysis software.
